The white-footed mouse (Peromyscus leucopus) is distributed throughout most of North America, from southern Saskatchewan and Nova Scotia southward to the Yucatan Peninsula and the Isthmus of Tehuantepec. Three subspecies of white-footed mouse are found on the mainland in the mid-Atlantic region (Hall 1981; Osgood 1909; Paradiso 1960) . P. leucopus leucopus is distributed from southeastern Virginia southward throughout most of North and South Carolina, P. l. noveboracensis is found throughout New England and southward along the Appalachian Mountains, and P. l. easti is restricted to coastal habitats in southeastern Virginia (Fig. 1) . These taxa differ in external body measurements, cranial measurements, and pelage coloration. The largest of the 3 subspecies is P. l. noveboracensis and the smallest is P. l. easti. P. l. leucopus has the darkest dorsal coloration and P. l. easti has the palest (Carleton 1989; Hooper 1968; Osgood 1909; Paradiso 1960) . P. l. leucopus and P. l. noveboracensis intergrade along a relatively long zone of contact that extends from eastern Virginia to the panhandle of Oklahoma (Hall 1981) . However, the geographic distribution of P. l. easti is completely surrounded by that of P. l. leucopus.
Deer mice (genus Peromyscus) occur on many islands in North America and those species with unique insular subspecies include P. boylii, P. crinitus, P. eremicus, P. gossypinus, and P. maniculatus (Dice 1968; Hafner et al. 2001; Hall 1981; Osgood 1909) . P. leucopus also has island populations, with one of them on the Outer Banks of North Carolina. However, P. leucopus cannot disperse effectively over water (Carter and Merritt 1981; Loxterman et al. 1998; Savidge 1973; Sheppe 1965) . Given the highly dynamic nature of the barrier islands of North Carolina, it is likely that insular populations would become isolated from adjacent populations by the formation of inlets between islands and that gene flow between adjacent islands would only become possible after inlets closed, thus providing corridors for movement. However, the status of these inlets has been documented only since 1585 (Inman and Dolan 1989) . Changes in shoreline were greatest between 1917 and 1949, and tropical (hurricanes) and extratropical (northeasters) storms have played a major role in these changes (Everts et al. 1983 ).
Recently, molecular methods using mitochondrial DNA (mtDNA) have been used to hypothesize phylogenetic relationships within the genus Peromyscus (Ashley and Wills 1989; Avise et al. 1983; Castro-Campillo et al. 1999; DeWalt et al. 1993; Hogan et al. 1993 Hogan et al. , 1997 Lansman et al. 1983; Morzunov et al. 1998; Nelson et al. 1987; Sullivan et al. 1997; Walpole et al. 1997) . The control region of the mtDNA, in particular, has a high substitution rate and, at the population level, contains more length mutations than other areas of the genome (Hochachka and Mommsen 1993) . The rapid rate of mitochondrial sequence divergence in vertebrates, approximately 5-10 times the rate of single-copy nuclear DNA, permits the identification of recently diverged taxa (Brown et al. 1979; Harrison 1989) . Within the control region lies an area known as the displacement loop or D-loop. The major function of the D-loop is promotion and modulation of transcriptional activity (Bibb et al. 1981; Chang and Clayton 1986) . The D-loop is the only large noncoding area in mtDNA, and it tends to be the most variable region in mt-DNA in terms of size and sequence (Chang and Clayton 1985) .
For the purposes of this investigation, it is important to define the term ''subspecies.' ' Lidicker (1962:169) defines a subspecies as a ''genetically distinct portion of a species,'' which is, therefore, a unit of evolution. Mayr (1969:41) defines a subspecies as ''an aggregate of phenotypically similar populations of a species,'' which is, therefore, not necessarily an evolutionary unit. Two chromosomal races of P. leucopus have been identified in Oklahoma (Baker et al. 1983; Stangl 1986 ), but their zone of intergradation does not agree with the zone of morphological intergradation between P. l. leucopus and P. l. noveboracensis (Hall 1981) . Stangl and Baker (1984) hypothesized that the degree of chromosomal differentiation fit Lidiker's definition of subspecies.
FIG. 1.-Operational taxonomic units (OTUs) used in morphological analyses of Peromyscus leucopus from the eastern United States. Letters represent OTUs discussed in the text and referenced in the specimens examined. Numbers represent recognized subspecies, with ranges defined by heavy black lines, as follows: 1, P. leucopus noveboracensis; 2, P. l. easti; 3, P. l. leucopus; and 4, P. l. aridulus.
The purpose of this investigation was to examine the phylogenetic relationships of white-footed mice (P. leucopus) in the mid-Atlantic region by using morphometric and molecular techniques. Specifically, we wanted to determine the systematic relationships among P. l. easti, P. l. leucopus, and P. l. noveboracensis and to ascertain the geographic distributions of these taxa in the southern mid-Atlantic region.
MATERIALS AND METHODS
Morphometric analysis.-To eliminate bias due to ontogenetic changes, only young adults and middle-aged adults (age classes 3 and 4), as determined by degree of wear on the molars (Cockrum 1954; Dice 1937; Elrod and Kennedy 1995; Koh and Peterson 1983; St. Romain 1975; Schmidly 1973) , were used in the morphometric analysis. Two hundred eighty-three specimens (Appendix I) were separated into 20 operational taxonomic units (OTUs), based on capture location ( Fig. 1) , that did not cross previously established taxonomic or phylogenetic boundaries. The following cranial measurements (Cockrum 1954; Osgood 1909) , defined by Koh and Peterson (1983) , were taken to the nearest 0.1 mm with dial calipers: greatest length of skull, condylobasal length, zygomatic width, interorbital constriction, mastoid breadth, length of nasals, palatal length, length of palatine foramina, length of diastema, postpalatal length, length of maxillary toothrow, height of braincase, and width across upper 1st molars. In addition, the following external measurements were obtained from museum specimen tags: total length, length of tail, length of hind foot, and length of ear. Pelage coloration was compared visually for specimens at different locations captured in the same months (July and August) to assess differences among subspecies.
In 4 OTUs (D, E, F, and T in Fig. 1 ) with comparable sample sizes of males and females, t-tests revealed secondary sexual dimorphism in only 3 of 68 measurements (17 measurements Â 4 OTUs). This was consistent with another examination of this species (Cockrum 1954) . Therefore, males and females were grouped together for the remainder of the morphometric analyses.
Analysis of variance was used to test for geographic variation and Duncan's multiple range test was used to identify maximally nonsignificant differences among OTUs for each external and cranial measurement. Principal component analysis was used to determine character importance and to evaluate relationships among OTUs. Only cranial measurements were used in the principal component analysis because external measurements were determined by many different individuals and, therefore, were less informative because of the effects of variability in measuring techniques among collectors. A correlation matrix was used to determine the principal components and a plot of the OTUs onto the first 2 principal components was constructed. All statistical tests were run on SAS (SAS Institute Inc. 1985) at P , 0.5.
Molecular analysis.-Specimens were collected by following guidelines approved by the American Society of Mammalogists (Animal Care and Use Committee 1998), from the vicinity of Virginia Beach, Virginia (near the type locality of P. l. easti), southward along the Outer Banks to Buxton, North Carolina, along east-west transects from the Atlantic Coast to the mountains of Virginia and North Carolina, and from the Black Hills, South Dakota (Appendix I). Total genomic DNA was extracted from pinna tissue of 47 mice by using a standard phenol chloroform extraction technique available from the Jackson Laboratory Web site (www.jax.org). Amplifications of a portion of the D-loop region of the mitochondrial genome were generated with the CBT and MR1 primers of Morzunov et al. (1998) in polymerase chain reactions by following procedures described by Freshwater et al. (2000) . Amplification products were cleaned and sequence reactions were performed as described in Ray et al. (2002) .
Sequence reactions were edited and assembled by using Sequencher (v.3.1, Gene Codes Corporation, Ann Arbor, Michigan), and the resulting sequences (GenBank accession numbers AY780260-AY780291), plus those available from GenBank, were aligned with SeqPup (http://iubio.bio.indiana.edu/soft/molbio/seqpup/) and MacClade (Maddison and Maddison 2000) . The primary data set included 74 total sequences: 45 sequences of P. leucopus newly generated in this study; 27 sequences of P. leucopus from GenBank , and outgroup sequences from 1 specimen each of P. maniculatus and P. gossypinus. A 2nd data set including only 1 sequence for each haplotype present in the primary data set was generated for phylogenetic analyses. PAUP* (Swofford 2002 ) was used to generate a neighbor-joining tree (Saitou and Nei 1987) based on Tamura-Nei corrected distance values (Tamura and Nei 1993) . Bootstrap values for the tree were derived from 5,000 replications of neighbor-joining tree building with Tamura-Nei corrected distances.
RESULTS
Morphometric variation.-Mice examined in this investigation exhibited significant geographic variation in all external and cranial measurements examined (Shipp-Pennock 2000) . In general, the largest specimens were from New England (OTU A), Delaware (B and C), the southern Appalachian Mountains of Virginia (D) and North Carolina (E and F), and on the southern end of Hatteras Island (T) and the adjacent mainland in North Carolina (M). There was an overall decrease in size to the west, east, and south of the Appalachian Mountains, with the smallest specimens from Virginia Beach, Virginia (Q). The Virginia Beach specimens were significantly smaller than those from all other localities in greatest length of skull, condylobasal length, and length of nasals. Specimens from Virginia Beach (Q) and Accomack (P) counties, Virginia, were significantly smaller than specimens from all other localities in length of maxillary toothrow. Specimens from Virginia Beach (Q) averaged smaller than those from all other localities in zygomatic width, mastoid breadth, length of bony palate, length of palatine foramina, length of diastema, postpalatal length, and width across upper 1st molars. However, specimens from this locality were relatively large in interorbital constriction.
Specimens from the southern end of Hatteras Island (T), North Carolina, were larger than specimens from all other localities in all cranial measurements except length of nasals, length of bony palate, length of diastema, length of maxillary toothrow, and postpalatal length. Specimens from New England (A), northern Delaware (B), and the southern Appalachian Mountains of Virginia (D) and North Carolina (E and F) were larger than specimens from other localities for these measurements. Mice from Accomack County (P), Virginia, the coastal plain of mainland Virginia (O), the northern Outer Banks of North Carolina (R and S), the piedmont and coastal plain of mainland North Carolina (K, L, N, and O), Georgia (H), Alabama (I), and Tennessee (G) were intermediate in cranial measurements. Mice from Yadkin, Surry, and Stokes counties in North Carolina (J) and southern Delaware (C) were intermediate in size between the relatively large specimens from the southern August 2005 Appalachians and northern Delaware and the medium-sized specimens from the piedmont of North Carolina and the southern end of the Delmarva Peninsula, respectively.
The pattern of geographic variation in the height of braincase differed from that described above. Specimens taken along the coast were larger overall than specimens taken from inland locations. Specimens with highest braincases were from the southern end of Hatteras Island (T) and Currituck Island (R), North Carolina. Inland specimens, those from New England (A) south to Alabama (I) and west to the Cumberland Plateau in Tennessee (G), were similar in height of braincase. Mice from Georgia (H) were significantly smaller than specimens from all other localities in height of braincase.
Specimens from New England (A), Delaware (B and C), and the southern Appalachian Mountains (D-F) had pale brownish dorsal pelage, a darker middorsal stripe, and bright yellow wash on the flanks. Mice from east of the Appalachian Mountains to the coast of Virginia and North Carolina (K-P and S) were slightly darker overall, whereas those from south of the mountains into Alabama (I) and Georgia (H) and west of the mountains on the Cumberland Plateau (G) had the darkest dorsal pelage and darkest middorsal stripe and their flanks were rufous brown. Specimens that did not fit this pattern were from near Virginia Beach (Q and R), Virginia, and the southern end of Hatteras Island (T). Those from Virginia Beach had the palest dorsal pelage, the palest middorsal stripe, and a pale sandy wash on their flanks. Those from the southern end of Hatteras Island had the brightest dorsal pelage, ochraceous brown in summer pelage and reddish brown in winter pelage, with a slightly darker dorsal stripe and a bright yellowish orange wash on their flanks.
The first 3 principal components for the 20 OTUs explained 81.4% of the variation in the morphometric data set (Table 1) . Principal component I (PC I) explained 54.3%, principal component II (PC II) explained 14.4%, and principal component III (PC III) explained 12.7%. Greatest length of skull, condylobasal length, zygomatic width, mastoid breadth, length of nasals, palatal length, length of diastema, postpalatal length, height of braincase, and width across upper 1st molars loaded heavily positive on PC I. Therefore, PCI is considered an indicator of overall size. PC II and PC III contained both positive and negative character loadings indicative of cranial shape. Zygomatic width and length of palatine foramina loaded positively on PC II, but length of maxillary toothrow loaded negatively. Greatest length of skull, zygomatic width, and interorbital constriction loaded positively on PC III, but palatal length and length of palatine foramina loaded negatively.
The plot of PC I against PC II (Fig. 2 ) revealed 3 assemblages of OTUs. Virginia Beach (Q), Virginia, was located away from all other OTUs on PC I, reflecting the small size of specimens from this region. OTUs from the southern end of Hatteras Island (T) and the adjacent mainland in Dare County (M), North Carolina, were plotted in a similar location on PC I as OTUs from New England (A), Delaware (B and C), and the southern Appalachian Mountains (D-F), reflecting the large size of specimens from these regions. Mice from the southern end of Hatteras Island (T) and mainland Dare County (M), North Carolina, had skulls that were proportioned differently than those of animals from New England, Delaware, and the southern Appalachian Mountains of western Virginia and North Carolina. Mice from New England, Delaware, and the southern Appalachians were relatively longer and more slender in cranial dimensions, whereas those from the southern end of Hatteras Island and mainland Dare County were relatively longer and broader throughout the interorbital region with relatively shorter measurements that reflect the anteriormost region of the skull. The 3rd assemblage of OTUs contains medium-sized mice that inhabit the lower elevations in the southeastern United States, including the Cumberland Plateau in Tennessee (G), the piedmont physiographic region from Alabama northeastward to North Carolina (H-K), and most of the coastal plain of North Carolina (L, N, R, and S) and Virginia (O and P). Mice from Dare County north of Oregon Inlet (S) were similar in shape to those from the southern end of Hatteras Island (T), but the former were noticeably smaller in cranial dimensions. Molecular variation.-Partial D-loop sequences were generated from 72 P. leucopus and 2 outgroup specimens. Alignment of these sequences resulted in a data set of 342 sites, of which 85 (24.9%) were variable. Insertion-deletion mutations (indels) requiring the assignment of gaps in the alignment occurred at 9 contiguous sites. All specimens of P. leucopus shared a 1-site indel. All other indels were synapomorphic for specimens within the Hatteras Island population.
The data set had an uneven base composition (adenine ¼ 35.9%; thymine ¼ 31.0%; guanine ¼ 11.0%; cytosine ¼ 22.1%) and an overall AT bias of 66.9%. The transition : transversion ratio for the data set was 6.1 and there was a bias of 64 pyrimidine transition substitutions to 52 purine transition substitutions.
The Tamura-Nei correction, originally developed by using analyses of mammalian D-loop sequences, was used when calculating the ranges of pairwise sequence divergence values among specimens within the same subspecies or population, between subspecies or populations, and between species (Table  2) . Sequence divergence between species ranged from 9.0% to 14.6%. The range of divergence between subspecies or populations was 0.3-5.7%, but noticeable differences were found in the range between P. l. aridulus or the Hatteras population and the other subspecies (2.2-5.4% and 2.2-5.7%, respectively) and in the range between P. l. easti, P. l. leucopus, and P. l. noveboracensis (0.3-3.8%).
The distance tree resulting from neighbor-joining analyses is shown in Fig. 3 . Specimens of P. l. aridulus and specimens from the Hatteras Island population are resolved in separate, well-supported monophyletic clades (bootstrap values ¼ 92% and 84%, respectively). Specimens of P. l. easti, P. l. leucopus, and P. l. noveboracensis are all resolved within a single monophyletic clade with moderate to low support (bootstrap value ¼ 69%). There is little resolution of relationships within this large clade and no apparent grouping of specimens by either subspecies or larger geographic distribution.
DISCUSSION
Patterns of morphometric variation found in this study were consistent with previous findings (Osgood 1909; Paradiso 1960) . White-footed mice from New England (A), northern Delaware (B), and the southern Appalachian Mountains of Virginia (D) and North Carolina (E and F), to which the name P. l. noveboracensis applies, were among the largest mice examined and they had a pale brownish dorsal pelage with a darker middorsal stripe and yellow wash on the flanks. Specimens from coastal Virginia south through most of the Carolinas exclusive of the mountains (K-P and S) and westward to Alabama (I), Georgia (H), and Tennessee (G), to which the name P. l. leucopus applies, were intermediate in size and had the darkest dorsal coloration and middorsal stripe, with a rufous brown wash on the flanks. Evidence was found of intergradation between P. l. leucopus and P. l. noveboracensis in specimens from Yadkin, Surry, and Stokes counties in North Carolina (J) and southern Delaware (C), indicated by size (Fig. 2) and coloration.
The smallest mice in all dimensions except interorbital constriction and height of braincase were from Virginia Beach, Virginia (Q). These specimens, which are referable to P. l. easti, also had the palest dorsal pelage with a pale middorsal stripe and pale wash. The small overall size and large interorbital constriction are consistent with the findings of Paradiso (1960) . Intergradation between P. l. easti and P. l. leucopus was evident in specimens from the northern Outer Banks of North Carolina (R and S). This was particularly obvious in the principal component analysis (Fig. 2) , which indicated that the specimens from Currituck and Dare counties were similar in size to P. l. leucopus and in shape to P. l. easti.
The largest specimens of P. leucopus examined in this investigation, on average, were from the southern half of Hatteras Island (T), one of the most isolated islands of North Carolina's Outer Banks and the most isolated island with an extant population of Peromyscus. Specimens from the mainland in Dare County (M), North Carolina, directly across the Pamlico Sound from Hatteras Island, also were large. The pelage of mice from the mainland in Dare County was similar to that of white-footed mice from other localities in the southeastern United State in having a dark dorsal stripe and a bright orange wash on the flanks. However, the dorsal pelage of white-footed mice from the southern end of Hatteras Island was the brightest of all specimens examined, providing another indication of the distinctive nature of the mice from this locality.
Phylogenetic analysis of partial mitochondrial D-loop sequences shows no differentiation among P. l. leucopus, P. l. noveboracensis, and P. l. easti, indicating no detectable restriction to gene flow among the P. leucopus found on the mainland along the east coast of the United States. This is consistent with results of Morzunov et al. (1998) in a study of coevolution between hantavirus and Peromyscus lineages. All (Tamura and Nei 1993) within and between species of Peromyscus and subspecies and populations of P. leucopus included in this study. mainland Peromyscus specimens from east of the Appalachian Mountains were resolved within a single monophyletic clade in their analyses, but there was no resolved grouping by subspecies.
The lack of genetic differentiation between P. l. leucopus, P. l. noveboracensis, and P. l. easti is apparent in the pairwise sequence divergences (Table 2) , where there is a complete overlap in the range of within-and between-sequence divergences for these 3 subspecies. In contrast to these results, there is less overlap in the range of within-and between-sequence divergences when P. l. aridulus and the population of P. leucopus from Hatteras Island are considered. In addition, this difference is obvious in the neighbor-joining tree (Fig. 3) , where P. l. aridulus and the Hatteras Island population are resolved as distinct monophyletic lineages separate from the clade containing P. l. leucopus, P. l. noveboracensis, and P. l. easti.
The results of this study indicate 3 things. First, P. l. leucopus and P. l. noveboracensis are weakly defined subspecies on the basis of morphology and D-loop sequence data. Second, morphological evidence clearly indicates that P. l. easti is a well-defined taxonomic unit characterized by small size and pale pelage coloration. However, examination of D-loop sequence data does not indicate a restriction to gene flow among these subspecies. Finally, the large size, unusual cranial shape, bright pelage coloration, and mitochondrial divergence point to the uniqueness of the population of white-footed mice found on the southern end of Hatteras Island, North Carolina, indicating that this population represents an undescribed subspecies, for which we propose the following name.
Peromyscus leucopus buxtoni, new subspecies
Holotype.-Adult male (testes 14 Â 8 mm), skin and skull, USNM 569137 (formerly UNCW 1708); from Buxton Woods, Jeanette's Sedge, Dare County, North Carolina; obtained on 15 November 1987 by W. D. Webster, original number 1946. Skull in excellent condition. Skin in excellent condition, although the ventral pelage in the genital region is slightly stained (yellow) from body fat. Selected external and cranial measurements (in mm) of the holotype are total length, 178; length of tail, 77; length of hind foot, 21; length of ear from notch, 13; greatest length of skull, 26.7; condylobasal length, 24.2; zygomatic width, 13.7; interorbital constriction, 4.5; mastoid breadth, 11.4; height of braincase, 9.2; and width across upper 1st molar, 5.2.
Distribution.-Isolated on the southern end of Hatteras Island, from Buxton Woods southwestward to Hatteras Village, Dare County, North Carolina.
Description.-An unusually large, brightly colored whitefooted mouse that has a unique mitochondrial haplotype. Despite its large size overall, the skull of P. l. buxtoni has a relatively short, broad rostrum, a relatively broad interorbital constriction, and an inflated braincase.
Comparisons.-Specimens of P. l. buxtoni, when compared to those of P. l. leucopus, easily are distinguished by their larger size in external and cranial dimensions and brighter versus darker pelage. When compared to specimens of P. l. easti, individuals of P. l. buxtoni are much larger in all external and cranial dimensions and their pelage is the brightest of all subspecies in the eastern United States, as opposed to the palest. Specimens of P. l. noveboracensis are almost as large as those of P. l. buxtoni in dimensions that reflect cranial length, but they are narrower throughout, especially in the rostral, interorbital, and zygomatic regions. Furthermore, the dorsal pelage in specimens of P. l. noveboracensis is drab brown rather than the bright ochraceous to reddish brown pelage characteristic of P. l. buxtoni.
Specimens of Peromyscus from the southern end of Hatteras Island previously were referred to the closely related P. gossypinus because of their large size (Lee et al. 1983 ). However, P. gossypinus from 6.5 km north of Aurora, Beaufort County, North Carolina, approximately 115 km west of Hatteras Island, is distinctly darker in pelage coloration, has a pronounced dark eye ring, and is significantly larger than P. l. buxtoni from Hatteras Island. For example, greatest length of skull averaged significantly larger (t-test ¼ 13.75, d.f. ¼ 45, P , 0.001) in P. gossypinus ( X ¼ 28.7 mm, range ¼ 27.2-30.3, n ¼ 13) than in P. leucopus buxtoni ( X ¼ 26.5 mm, range ¼ 24. 4-27.9 , n ¼ 34).
Habitat.-Hatteras Island currently extends approximately 85 km from Oregon Inlet southward to Hatteras Inlet. The island is extremely narrow throughout most of its length, typically ,1 km in width, and dominated by shifting sands and estuarine marshes, 2 tremendously dynamic habitats that are not inhabited by P. leucopus save for the northern end where the island becomes somewhat wider (1-2 km) and relatively more stable. On the southern end near Cape Hatteras, however, the island suddenly becomes much wider (approximately 5 km at Buxton and 3 km at Frisco), and a greater diversity of maritime habitats exists there, including the only forest on Hatteras Island. This dense maritime forest consists of a series of parallel ancient dune ridges, dominated by live oak (Quercus virginiana), ironwood (Carpinus caroliniana), loblolly pine (Pinus taeda), and many species of vines, which are separated by linearly arranged freshwater ponds and marshes. This forest, known locally as Buxton Woods and Frisco Woods, is the stronghold of P. l. buxtoni. Buxton white-footed mice also inhabit maritime thickets and larger clumps of scattered shrubs dominated by wax myrtle (Myrica cerifera) and yaupon (Ilex vomitoria), and they occasionally inhabit houses and buildings between Buxton and Hatteras Village, but they do not occur farther north at Avon, Little Kinnakeet, or Salvo. Thus, there is a hiatus of approximately 35 km between the isolated population of P. l. buxtoni and the nearest population of P. l. leucopus to the north near Chicomacomico.
Remarks.-There is more phenotypic diversity among whitefooted mice in the coastal mid-Atlantic region than elsewhere in the eastern United States, as evidenced by a series of specimens from several sites from the Delmarva Peninsula southward to Hatteras Island. Individuals of P. l. easti from the vicinity of Princess Anne County, Virginia, approximately in the middle of this broad coastal region, are the smallest in all external and cranial dimensions except interorbital constriction, and they are the palest in pelage coloration. Just to the west, in the vicinity of the western edge of the Great Dismal Swamp, white-footed mice are larger in size, although the interorbital region is noticeably narrower, and they are darker in pelage coloration. These specimens are referable to P. l. leucopus.
To the north along the Delmarva Peninsula, white-footed mice are darker in pelage coloration and they gradually become larger in size northward save for the interorbital region, which is disproportionately narrow. Thus, there is clinal variation in size, following Bergmann's rule, in white-footed mice along the Delmarva Peninsula, but not in pelage coloration, which remains relatively similar throughout the Delmarva Peninsula. The slightly larger specimens from the southern end of the Delmarva Peninsula are referable to P. l. leucopus, but the much larger specimens from the middle and northern end of the Delmarva Peninsula are referable to P. l. noveboracensis.
To the south of Princess Anne County, Virginia, along the northern Outer Banks of North Carolina, white-footed mice are again larger and most similar to P. l. leucopus, although now the interorbital region remains relatively broad as in P. l. easti. The largest individuals in the mid-Atlantic region, P. l. buxtoni, are from the southernmost end of Hatteras Island, which contradicts the pattern expected by Bergmann's rule. In addition, the pelage of white-footed mice changes in color from being the palest of all eastern subspecies in specimens of P. l. easti, to being the brightest of all in P. l. buxtoni. There also is evidence of intergradation between P. l. buxtoni and P. l. leucopus on the mainland immediately adjacent to Hatteras Island, because specimens from the mainland are relatively large; however, their interorbital regions are narrower.
What Is a Subspecies?
Rates of evolutionary change typically are not consistent across different levels of biological organization, which confounds the ability to develop a consistent hierarchical scheme for all taxa. In P. leucopus, for example, patterns of geographic variation in phenotypic characters (cranial size and shape and pelage coloration) and chromosomal morphology do not agree in Oklahoma (Baker et al. 1983; Stangl 1986 ). In the eastern United States, patterns of geographic variation in phenotypic characters and partial mitochondrial D-loop sequence do not agree among 4 subspecies. P. l. leucopus and P. l. noveboracensis are defined on the basis of relatively subtle phenotypic differences but not sequence data, P. l. easti is defined by more pronounced phenotypic differences but not by sequence data, and P. l. buxtoni clearly is defined by both phenotypic differences and sequence data. This indicates that rates of gene flow are not similar between adjacent subspecies, posing the rhetorical question: Is the term ''subspecies'' plastic enough to be used in each of these examples? Perhaps the more critical question is, Can the term ''subspecies'' be defined, and therefore be more functional, by placing it in the context of conservation biology (Dimmick et al. 1999; Ryder 1986 )? Lidicker's (1962) definition of subspecies emphasizes genetic separation, which clearly is the case with P. l. buxtoni. Furthermore, its distinctive phenotype, unique mitochondrial haplotype, and disjunct distribution also categorize it as a distinct ''evolutionarily significant unit'' (Moritz 1994 ) and a ''distinct population segment'' (Pennock and Dimmick 1997) . Semantic differences in the latter terms are beyond the scope of this investigation; however, they both refer to groups of populations that have acquired discrete evolutionary histories. Brown and Lomolino (1998:227) characterize a subspecies as a ''group of populations that are morphologically, and presumably genetically, distinct.'' P. l. easti has distinct phenotypic characteristics, and the relatively narrow zone of intergradation between it and P. l. leucopus implies that cranial and pelage characteristics are coded genetically. Therefore, we consider P. l. easti to be a well-defined subspecies. Moreover, given its restricted geographic distribution, P. l. easti should be considered a distinct evolutionarily significant unit and a distinct population segment, despite its similarities with P. l. leucopus and P. l. noveboracensis in partial mitochondrial D-loop sequences.
The taxonomic standings of P. l. leucopus and P. l. noveboracensis in the mid-Atlantic region are more difficult to interpret. These taxa are indistinguishable in their partial mitochondrial D-loop sequences, and their subtle morphological differences may be more environmentally than genetically based. Therefore, we prefer to postpone taxonomic changes at this time, pending a comprehensive review of individuals from throughout the range of the species.
Our results indicate that the term ''subspecies'' is malleable enough to encompass the differences in distinctiveness in P. l. easti and P. l. buxtoni relative to composite degree of morphological and genetic variation in P. leucopus in the midAtlantic region. We do not believe that the term ''subspecies'' should be applied to groups of populations that cannot be differentiated on the basis of more than environmentally based characters, but we could not determine if this was responsible for the differences observed in our samples of P. l. leucopus and P. l. noveboracensis. Finally, our results indicate that systematics can, and we think should, play an important role in conservation biology.
